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Abstract 
Observations on the ecology of human oral streptococci 
Patterns of bacteriocin production and sensitivity have been found to be highly 
specific for individual types of the same bacterial species. To determine if plaque 
samples normally harbored more than one type of Streptococcus mutans, and Strepto-
coccus sanguis, 6-10 isolates of Strep.mu1ans and Strep.sanguis were obtained from 
8 samples of human plaque present on sound enamel surfaces in 4 individuals. On 
the basis of their patterns of bacteriocin production and sensitivity, it was found that 
the isolates of Strep .mutans per plaque sample represented from 6 to 8 types. The 
isolates of Strep.sanguis represented from 4 to 6 types. The colonization of a single 
site by multiple types occurred with other species of streptococci, for it was found that 
the population of Streptococcus sa I ivarius on a given site on the tongue comprised from 
l to 8 types per l O isolates from 20 samples examined. In 8 of the l O individua Is studied, 
the same strain of Strep.salivarius was isolated from different parts of the same tongue 
surface. In two sets of twins studied 2 identical strains per set of twins were found to 
be present on the tongue surface. 
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INTRODUCTION 
A 
Establishment of the Oral Flora 
Man is intimately involved with oral micro-organisms from birth until death. 
In utero, the fetus is usually germ-free, while during birth it would appear that 
the infant is inoculated with the norma I flora from the mother's genita I tract ( l). 
However, the oral cavity is sterile initially. After birth, it is exposed to organisms 
from the environment, some of which are established as part of the indigenous flora. 
Selectivity in establishment predominates in both infants and adults. 
McCarthy et a I. (2) studied ora I samples from newborn infants up unti I they were 
l year old. The streptococci were the only organisms cultured consistently and in a 
quantity which ranged on the average from 98% of cultivable bacteria in the first day 
or two of I ife to 7(J% at the end of a year. The replacement of streptococci occurred 
by substitution by other bacteria. The dominant Streptococcus species isolated from 
one-half of the new-born was Streptococcus salivarius. Staphylococci, Veillonella 
and Neisseria were also constantly present during the first year. 
Different Ecologica I Niches 
Oral organisms can be consistently cultured from several areas - e.g. dental 
plaque, the tongue, and gingival pockets (1) (3). Krasse (3) studied oral aggregations 
of microbes in these three regions. On the teeth streptococci dominate while Veillonella 
and Neisseria -(gram negative cocci) constitute practice lly the rest of the organisms. 
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In the crevice the number of organisms constitute the same order of magnitude as 
in dental plaque. Eighty percent of the flora are gram positive rods and cocci with 
gram negative and fusiform bacilli, filamentous organisms, vibrios and actinomycetes 
constituting the rest. The tongue flora was predominantly streptococci. 
B DENTAL PLAQUE 
Definition of Denta I Plaque 
Plaque is defined as 11gelatinous accumulation of bacteria and salivary mucin 
which forms on the teeth 11 (4). Mandel (5) describes dental plaque as an acquired 
gel-like mat, closely adherent to a tooth or restoration surface. The mat is composed 
of an organic film (cuticle or pell icle), microbial masses and their products, organic 
and inorganic components from oral secretions, shed epithelial cells and blood cells. 
The major components are the pellicle, microbial masses and intermicrobial matrix. 
Schwartz and Mossier (6) have divided accretions occurring on the surfaces of teeth 
(tooth accumulated material) into five groups including acquired pellicle, dental 
plaque and others. Their definition of plaque is a composite of that derived from 
several authors and states that "dental plaque is a dense microbial layer consisting of 
a coherent mass of filamentous, rod-like and coccoidal micro-organisms embedded in 
an intermicrobial matrix which accumulates on the tooth surface". 
Development of Denta I Plaque 
Denta I plaque development has been divided into two stages: l) development of 
an initial non-bacteria I matrix overlying an acquired cuticle (an immature type plaque) 
and 2) proliferation of micro-organisms within the matrix (maturating plaque) (7). 
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Adhesion of oral organisms onto the tooth surface and onto other bacteria may 
be important in den ta I plaque development (8). 
Plaque formation has been studied extensively by Bjorn and Carlsson (9). 
After cleaning the teeth thoroughly volunteers were asked to refrain from brushing. 
At the end of the first day a light staining material, which was thought to be free of 
micro-organisms was noticed. At two to four days the surface coating stained 
intensely and filled up cracks and defects on the enamel surface. In certain areas 
(gingival margin) there appeared discrete, small hemispherical, intensely staining 
accumulations (plaque colonies which microscopically appeared to be essentially 
coccoid micro-organisms). At five days these plaque colonies were covered by 
haloes of the light staining material observed at the end of twenty-four hours. After 
five days: 
a) the haloes increased in stainability 
b) the haloes grew and became confluent with their neighbors 
c) plaque colonies increased in size 
d) with increase in thickness the plaque lost any further morphological 
characteristics 
Carlsson and Egelberg (10) studied the effect of diet on early plaque formation 
in man. They were interested in the amount of plaque formed, its morphogenesis and 
the percentage occurrence of coccoidal micro-organisms in the plaque. The sucrose 
diet produced voluminous colonies joined by confluent growth. These colonies were 
of considerable size. lnitia I ly a colony was firm and transparent while later it became 
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more opaque and greasy. The plaque which formed with the sucrose diet was 
considerably more noticeable than that produced by the other diets used, including 
glucose. In the early plaque, the coccoida I organisms dominated. With increased 
age these organisms decreased, to be replaced by filamentous organisms which tended 
to dominate. They concluded that the large amount of plaque which formed with the 
sucrose diet could be explained by the production of large amounts of polysaccharide 
by plaque bacteria. These polysaccharides may serve as a matrix in the plaque. 
The bacterial flora most prominent in the various stages of plaque development 
has been tentatively defined (11) (12). 
Immediately after intensive oral prophylaxis was performed, and any further oral 
hygiene regime was discontinued there was a rapid increase in coccal flora. Two 
to four days after cessation of oral hygiene cocci were still present in fairly large 
numbers but there was an increase in both filamentous forms and slender rods. At 
six to ten days vibrios and spirochetes were found. Cocci, rods and filamentous 
organisms were still numerous. Smears of the inflammed tissue showed that gram positive 
cocci occupied 45 to 60 % of the plaque. 
Composition of Mature Denta I Plaque 
Gibbons et al. (13) studied the cultivable flora of fully developed dental plaque 
in 18 to 25 year old individuals and showed that the single most numerous groups of 
organisms isolated were gram positive facultative cocci fol lowed, in descending order 
by gram positive facultative rods, gram positive anaerobic rods, gram positive anaerobic 
cocci, gram negative anaerobic rods, gram negative anaerobic cocci and spirochetes. 
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Socransky et al. (14) and Gibbons et al. (15) examined microbiota in the 
gingiva I crevice of humans and found that in this debris, the organisms of greatest 
number were the gram positive facultative cocci. The other groups of cultivable 
organisms could be favorably compared, except that in the crevicular debris 
Bacteroides melaninogenicus was obtained in both normal and periodontally involved 
ind ividua Is whereas it was not recognizable in the organisms cu It ivated from den ta I 
plaque. While there was an increase in bacteria per gram of wet weight in the 
periodontally involved group, (except for total streptococci, but especially the 
spirochetes and Bacteroides melaninogenicus), no etiologic significance could be 
deduced. 
Morphology of Den ta I Plaque 
Numerous investigators have studied dental plaque histologically and micro-
scopica I ly. Fu I ly formed plaque has been observed in some cases to consist of a mass 
of filaments at right angles to the cuticle overlying the enamel surface. At the 
periphery the filaments are curved and irregular while at the younger, outer portion 
of the plaque, cocci and other small bacterial forms can be noted (5). 
Dental plaque has been studied with the electron microscope. The superficial 
enamel matrix exhibited a mesh-work with empty spaces representing former enamel 
crystallites oriented perpendicular to the surface. 
An electron dense but discontinuous layer representing an exogenous cuticle 
covered the enamel matrix. The deepest plaque portions often consisted of condensed 
coccoid cell layers and fibrillar intercellular material, probably extracellular poly-
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saccharide. The bulk of the plaque consisted mainly of coccoid and filamentous 
organisms cut in all possible planes. The intercellular space exhibited ghosts and . 
remnants of microbial cell walls and membranes (16). 
C STREPTOCOCCI IN PLAQUE AND ON THE TONGUE 
Classification of Oral Streptococci 
Carlsson (17) has classified human oral streptococci in his collection of strains 
from four subjects into: 
I) Strep.sanguis - small zoogleic colonies of firm consistency which deform the 
surrounding surface of the aerobic Mitis-salivarius Agar. Two groups were formed 
based on biochemical studies but the overall group was classified as Strep.sanguis 
since reference strains joined both groups and members of both groups have a similar 
ecology. 
II) Strep.mutans - high convex, light blue zoogleic colonies (0.5 - 1.0 mm) with a 
structure remeniscent of frosted glass on anaerobic Mitis-sal ivarius Agar. The strains 
fermented mannitol, sorbitol and other sugars. They grew in 4% NaCl broth and in 
5% bile broth but grew poorly aerobically unless CO2 was added. The strains were 
beta - hemolytic and did not produce hydrogen peroxide or grow in tel lurite broth. 
Ill) Strep.salivarius - large, pale blue and opaque zoogleic colonies on aerobic 
Mitis-sal ivarius Agar. Several carbohydrates were fermented but not sorbitol or 
mannitol. 
No strain from the lactis or enterococcus group of streptococci could be established in 
any of these collections. 
7 
Guggenheim (18) studied different strains of streptococci obtained from nine 
year old children. Strep.mutans, Strep.salivarius, and Strep.mitis showed the 
highest to lowest biochemical activity with Strep.sanguis at both extremes. Dextran-
synthesizing organisms were cariogenic streptococci in animals (Strep.mutans and bio-
types resembling Strep.sanguis). Strep.salivarius produced levan and dextran while 
Strep.mitis was heterogenous in relation to extracellular polysaccharide . formation. 
Cariogenicity in animals ranged from highest for Strep.mutans through Strep.sanguis 
which was border line to Strep.salivarius which had no caries inducing ability at all. 
Strep. mu tans 
Several papers concerning the characteristics of human caries-inducing Strep.mutans 
and Strep.mutans-like organisms have been published. Edwardsson (19) studied Strep. 
mutans and described their morphology and biochemical characteristics. Colonies on 
Mitis-salivarius Agar were circular or irregular, varying in size from 0.5 - 1.0 mm. 
Elevation varied from umbonate to pu lvinate. The surface was smooth. The colonies 
were rather hard and coherent and adhered to the agar surface. These strains produced 
a gel substance in sucrose broth which gave a heavy precipitate with one part ethanol. 
Furthermore, in sucrose broth, this rough colony formed gelatinous clusters adhering to 
the wa II of the tube. The strains tested were able to induce rampant caries in albino 
hamsters. 
Furthermore, Strep.mutans colonies have been described as convex to pulvinate 
with an undulating edge. The colony was opaque with a granular surface. A watery 
exudate existed either as a drop on top of the colony or as a discrete pool around it. 
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These Strep. mutans produce an extracellular polysaccharide from sucrose which 
gives the colony a distinct appearance when growing on Mitis-salivarius Agar (20). 
S tr e p • sa I i var i us 
Kresse (21) studied saliva and plaque material relative to the proportion of 
Strep. sa I ivarius to other types of streptococci. He found that the proportions of 
Strep.salivarius in the saliva is higher than in plaque. Kresse (22) further showed 
that Strep.salivarius had their most favorable habitat on the tongue. These organisms 
comprised a large proportion of facultative streptococci present in saliva and on the 
tongue but only a smal I percent of the facultative streptococci present in dental plaque. 
Thus a large proportion of bacteria present in sa live emanate from the tongue. 
Gibbons et al. (23) repeated Krasse 1s studies on Strep.salivarius. This organism was 
found to average 47 .4% of the facultative streptococci present in sa I iva and 55. 3% of 
those present on the tongue. It comprised l O. 7% of the facu I tat ive streptococci 
present on the cheeks but less than 1% of these organisms present in dental plaque and 
ging iva I debris. 
Other studies of the predominant cultivable organisms from the human tongue were 
done (24). The microflora of the tongue differed from that found in the gingival 
crevice and dental plaque. Where the gram positive facu ltative cocci - the largest 
single group present in all three sites comprised 21.3% and 28% of the isolates from 
the crevice and plaque respectively, the tongue yielded 44.8%. Strep.salivarius 
represented 8 .2% of the tongue isolates and was not found appreciably in either 
gingival crevice debris or plaque. It represented 21 .2% of the total facultative 
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streptococci. The different percentages between the studies was attributed to 
aerobic and anaerobic incubation. 
Carlsson (25) studied the presence of nonheamolytic streptococci in denta I 
plaque and other oral sites and found that Strep.salivarius was favorably located 
on the surface of the tongue. An increased number of these organisms was found 
in plaque when a sucrose diet was consumed, but it was concluded that these 
streptococci do not grow and multiply to any appreciable degree on the tooth surface. 
While some Strep.salivarius organisms do grow in plaque during the sucrose diet period, 
it may be that higher concentrations of sucrose reached the teeth. Strep .sa livarius 
constitutes only a minor part of the streptococcal flora on the teeth and in the 
vestibular mucosa. These Strep .sa I ivarius colonies were large, pa le blue with opaque 
zooglea on aerobic Mitis-sa I ivarius Agar (26). 
D PLAQUE FORMING STREPTOCOCCI IN ANIMAL EXPERIMENTS 
Organisms Involved 
From animal studies it appears that two streptococci - Strep.mutans and Strep. 
salivarius produce plaque in pure culture. The following have shown that Strep.mutans 
produces plaque in germ-free animals or in animals which do not normally form plaque: 
Fitzgerald et al. (27), Fitzgerald and Keyes (28), Zinner et al. (29), Gibbons et a I. 
(30), Guggenehim et a I. (31) and Krasse (32). The works of Gibbons and Banghart (33) 
and Kelstrup and Gibbons (34) have shown that strains of Strep.salivarius can similarly 
induce plaque formation. 
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Review of Strep.mutans, Plaque and Caries in Animals 
Both the rat and the hamster play an important role in the study of dental caries 
because it has been possible to reproduce in these experimental animals many of the 
aspects of caries as it occurs in humans (27). 
In an experiment on albino hamsters five hamster Strep.mutans strains were bio-
chemically and morphologically similar to each other. These strains were isolated 
from plaque scrapings of a single carious molar of a hamster maintained on a caries 
test-diet. Single Strep.mutans strains from these hamsters could induce caries in 
other hamsters (28). 
Human caries materia I isolated from human teeth presented the first evidence that 
Strep. mutans similar to those which can cause caries in hamsters and rats are present in 
association with human caries. One strain, AHT, can reproduce this disease in hamsters. 
It also cross reacted immunologically with a hamster Strep.mutans. The other human 
strain, BHT, cross reacted immunologically with a rat Strep.mutans (29). 
Capsule-forming streptococci were isolated from human carious lesions and 
characterized. These strains were capable of inducing dental caries and alveolar 
bone loss when introduced in pure culture in gnotobiotic rats. These human cariogenic 
streptococci, later identified as Strep .mutans, produce large amounts of extracellular 
polysaccharide from sucrose, which seems to be a consistent characteristic of Strep. 
mutans. Organisms forming capsular material from sucrose have been found to adhere 
to the walls of culture vessels forming a gelatinous mass. If this occurred in vivo, 
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polysaccharide production could be responsible for the massive bacteria I plaque 
which has been observed on the teeth of animals inoculated with Strep.mutans (30). 
The effect of dietary carbohydrates in rats in "relative gnotobiosis 11 with Strep. 
mutans has been studied. Test organisms were implanted in high numbers when a 
sucrose diet was used, but only a few such organisms were found when glucose, fructose, 
lactose or starch were substituted. The production of an extracellular polysaccharide 
occurred only in substrates containing sucrose and these polyglucans appeared to be 
dextran. No thick plaque occurred with sugars other than sucrose (31). 
Pure cultures of human streptococci from plaque of highly caries-active people 
(strains of Strep.mutans) induced rampant caries in albino hamsters. This fact indicates 
that an absolute strain and species specificity does not exist between the host and 
microorganisms in the pathogenesis of dental caries. These streptococci produced 
extracellular and intracellular polysaccharide. Colonies had a finely granulated sur-
face and pools of watery slime (32). 
Importance of Dextran in Strep.mutans 1 Plaque Formation 
In plaque from a sucrose diet an appreciable amount of space is occupied by an 
intermicrobia I ma trix composed of polysaccharide synthesized by plaque bacteria. 
Polysaccharide producing Strep. mutans constitute a major part of plaque flora. These 
organisms are adapted for growth on teeth because of polysaccharide production (25). 
Both human and rodent Strep. mu tans were found to synthesize large quantities of 
extracellular polysaccharide, particularly from sucrose, wha-eas non-cariogenic bacteria 
formed only traces. The production of this sucrose-induced polysaccharide yielded 
gelatinous masses of bacteria 
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which adhered to the sides or bottom of culture vessels, suggesting that polysaccharide 
formation could be responsible for bacterial plaque accumulations which occur in 
animals inoculated with cariogenic, but not non-cariogenic, bacteria (30). 
Wood and Critchley (35) stated that Strep.mutans produced an extracellular 
polysaccharide from sucrose, in which the only products of acid hydrolysis were 
glucose and fructose. They concluded that the synthesis of polysaccharides from 
sucrose is an important reaction occurring within the plaque. 
Gibbons and Banghart (36) studied the properties of extracellular polysaccharide 
synthesized by Strep.mutans. They observed that glucose or fructose were unable to 
repress markedly the formation of enzymes necessary for synthesis of the extracellular 
polysaccharide from sucrose. This extracellular polysaccharide according to analyses 
is primarily a glucose-polymer containing small amounts of fructose. Its chemical 
composition and its synthesis from sucrose suggested that it was a dextran-1 ike polymer. 
Part of human denta I plaque matrix was also found to consist of dextran-like poly-
saccharide. 
The extracellular polysaccharide produced by Strep.mutans has been further studied. 
Oral streptococci rapidly synthesized water-insoluble extracellular polysaccharide (a 
branched dextran). Dextranase of funga I origin inhibited the synthesis of the water-
insoluble dextran polymerized by a structure-bound dextransucrase. The morphologica I 
structure of this dextran was not uniform for its predominant portion consisted of fibri liar 
elements which were built up of protofibrils approximately 20A0 thick. The bulk of this 
material could be enzymatically digested by dextranase. The inhibition of polysaccharide 
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synthesis by dextranase was probably based on a concominant synthesis and de-
gradation of dextran, the equi I ibrium being shifted to the degradation process. 
The water-insoluble polysaccharide which was the predominant portion of the 
extrace I lu lar polysaccharide produced by the streptococci was a - l :3, l :4 
branched dextran. The structure-bound dextransucrase was also present in culture 
flu id where it produced only water-soluble dextran. The enzyme responsible for 
the water-insoluble portion was bound to the cell structure since the entire amount 
of water-insoluble dextran was surrounding and embedding the cells (29). 
Dahlqvist et al. (38) studied substrate-soluble, extracellular polysaccharides 
produced by Strep.mutans which were grown in a sucrose containing substrate. The 
polysaccharide from two human strains contained 79-80'/o glucose and 17-18% fructose 
which are probably a mixture of glucan and fructan. The hamster strain polysaccharide 
contained 96% glucose and no fructose. These polysaccharides are probably important 
for the plaque formation of Strep.mutans. 
Only certain types of dextrans are important in the format ion of gelatinous deposits 
by Strep. mutans. Both dextran and levan were formed, since dextransucrase and levan-
sucrase activity was present. Cultures contained dextrans and levans in water-soluble 
and insoluble forms. Soluble dextran in the absence of sucrose did not resu It in forma-
tion of large gelatinous streptococcal masses. The polymers which were most difficult 
to extract from the gelatinous culture deposits had a higher average molecular weight 
than soluble polysaccharides present in culture liquors. Molecular weight appears to 
be an important factor governing the solubility of these polysaccharides. Low-molecular 
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weight dextran inhibited insoluble dextran synthesis by dextransucrase-sucrose 
reaction mixtures and also prevented the initiation of gelatinous deposits in sucrose 
broth. 
The glucosyl acceptors were involved. By modifying the molecular size of the 
dextran synthesized by these organisms, it is possible to prevent them from forming 
"plaque-like" deposits in vitro. Since glucosyl acceptors known to promote synthesis 
of low molecular weight dextran prevent development of plaque-like deposits in 
sucrose broth cultures, it appears that plaque formation by these organisms is depend-
ent upon the synthesis of high molecular weight dextrans (39). 
Gibbons and Keyes (40) further described the ability of dextrans of various size 
to inhibit the enzymatic synthesis of insoluble high molecular weight dextran and the 
ability of low molecular weight dextran to reduce gelatinous plaque formation and 
caries activity in hamsters. Furthermore, they (41) studied agglutination of Strep .mutans 
by high molecular weight dextrans and the potential of this phenomenon in the formation 
of gelatinous dental plaque. Dextrans of high molecular weight were more effective in 
agglutination than dextrans of low molecular weight. The test organisms responded with 
equal sensitivity to highly branched and linear dextran. High concentrations of levan, 
glucose and dextran with a molecular weight of 2 x lo4 inhibited agglutination, whereas 
other carbohydrates tested had no effect. 
The abi I ity of Strep. mu tans to agglutinate in the presence of dextran appears to 
be due to the presence of specific receptor sites on the surface of the organism which 
are capable of binding dextran molecules. If the molecules are sufficiently large to 
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permit more than one Strep.mutans cell to bind to the same molecules, this would 
initiate the agglutination. Dextrans with molecular weight 2 x lo4 appear to be 
not large enough to bind two Strep.mutans cells concurrently and subsequently 
agglutination fails. The receptor sites may be specific loci on the cell surface or 
they may be the same as the reaction sites for dextran processed by dextransucrase. 
Others (37) (39) have found dextransucrase present in a eel I bound form in Strep. 
mutans. Presumably it is located on or near the surface of the organism. The 
affinity of this enzyme for dextran could initiate the agglutination. The finding 
that glucose and low molecular weight dextran in high concentration inhibit the 
reaction is in accord with th is view, since these substances act as acceptors for 
dextransucrase. The ability of Strep.mutans to bind dextran is potentially important 
in the formation of streptococca I plaques. 
Dextranase - in vitro 
In a series of in vitro experiments Bowen (42) found that dextranase is capable 
of reducing dextran formation by pure cultures of organisms or by plaque removed 
from caries active monkeys. It also has the capacity to hydrolyse dextrans. Those 
dextrans formed by Strep.mutans resist hydrolysis more than those from non-cariogenic 
strains. Fitzgerald et al. (43) tested different dextranase preparations in vitro against 
plaque formed on wires by different strains of Strep.mutans. They observed that some 




The same group (44) studied the effect of dextranase, derived from filtrates 
of dextran-containing cultures of Penicillium funiculosum, as a caries control agent 
in hamsters which were infected with Strep.mutans and maintained on a high-sucrose 
diet. In the experiments, complete cleaning of cornal plaque deposits in the treated 
anima Is occurred, in contrast to the copious amounts present on the molars of the 
untreated control animals. Third molars which erupted into the oral cavity after 
enzyme treatment was started, remained free from cavitation and the progression of 
the disease estab I ished in the first two molars was retarded. The dextranase acted 
on the dextran component of the microbial plaque, not the micro-organisms them-
selves, and thus prevented the Strep.mutans present in the oral environment from 
colonizing on the surfaces of the tooth. 
Konig and Guggenheim (45) studied both dextranase administered to rats only in 
the drinking water, and a dextranase plus sucrose-containing diet in rats. In the water, 
dextranase had no effect but with the enzyme and diet, only partial plaque and caries 
activity occurred. Later, they (46) found that smooth surface, fissured and approximal 
caries lesions were equally high in rats fed sucrose diets with and without dextranase. 
With dextranase in a sucrose solution there were less fissure and smooth surface caries 
than sucrose without dextranase. This, however, was explained by a decrease in 
dietary intake of the former over the latter. The availability of fermentable carbo-
hydrates was therefore decreased and thereby decreased the cariogenic cha I lenge 
(rather than the dextran a se itself). The fungal dextranase may have a limited capacity 
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to break down extra cellular polysaccharides. 
Strep.salivarius in Plaque Formation 
A levan-forming streptococcus resembling Strep.sol ivarius isolated from a human 
ora I cavity can induce caries in gnotobiotic rats. Sucrose is the important factor in 
the amount of plaque formed by the strain and the subsequent type and location of 
the carious lesion produced (33). Another such strain, isolated from human dental 
plaque was found to form gelatinous plaque deposits in gnotobiotic rats fed a sucrose 
containing diet (34). 
Strep. sol ivarius Polysaccharides 
The first such strain SS2 produced large quantities of levan and no discernible 
dextran (33) while the second strain resembling Strep.salivarius, lA, produced large 
quantities of the extracellular polysaccharide levan and smaller amounts of glucose 
containing polysaccharides from sucrose. Sucrose-grown cells of this strain formed 
aggregates which could not be dispersed. Thus polysaccharides synthesized from 
sucrose, appear to bind cells of this organism together, thereby implying their 
importance in the build-up of plaque. Thus, dextran-like glucans, rather than levan 
may contribute significantly to the initial plaque formation, since formation of plaque-
I ike deposits in vitro was prevented by dextranase, by fructose, and by low M .W. 
dextran (34). 
E STREPTOCOCCUS MUTANS IN HUMANS 
Presence of Strep. mutans in Humans 
Krasse et al. (47) found that Strep.mutans constituted 80-90% of the cultivable 
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streptococci in some human plaque samples. However, in other human samples 
they were absent. No correlation existed between frequency of caries and occurrence 
of these streptococci except in selected groups. 
Dextran-forming bacteria in human dental plaque have been studied. One type 
resembled Strep.bovis (dextran positive, mannitol and sorbitol positive and arginine 
no split), but did not react with group D antisera (48). Therefore, it may be classified 
as Strep.mutans. 
Carlsson et al. (49) found that Strep.mutans disappeared in detectable numbers 
from mouths of edentulous persons who refrained from using their dentures. A small 
number of these organisms were found in saliva after cleansing the teeth. This 
suggests that teeth and dentures are the only habitat for Strep. mutans. 
Effect of Sucrose 
The effect of implantation of Strep.mutans in hamsters by variations in the 
consistency and composition of the diet has been studied. The important factor in 
implantation is the composition and not the consistency of the diet. Sucrose (but 
not glucose or lactose) was the carbohydrate which most favored implantation and 
also, plaque formation (50). 
Kresse et al. (51) reported that Strep.mutans can be implanted in the human oral 
cavity and remain there for a considerable time. A hamster strain similarly administered 
was not implanted as easily. Specificity for caries induction is not absolute since 
Strep.mutans does colonize on teeth in both man and hamsters. Chewing of sucrose 
favors the implantation of streptococci in the human ora I cavity presumably because 
of dextran production. 
Presence of Dextran in Plaque 
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Human and rodent Strep.mutans were found to synthesize large quantities of 
extracellular polysaccharide, particularly from sucrose, whereas non-cariogenic 
bacteria formed only trace amounts. The production of this sucrose-induced poly-
saccharide yielded gelatinous masses of bacteria which adhered to the sides or bottom 
of culture vessels, suggesting that polysaccharide formation could be responsible for 
bacterial plaque accumulations which occur in animals inoculated with cariogenic, 
but not non-cariogenic, bacteria (30). 
Two major hexose sugars extracted from plaque are glucose and fructose, which 
are present mainly as polysaccharides (extractable from the plaque matrix and not 
bacterial protoplasm or ce 11 wa I ls). These soluble polysaccharides are dextran and 
levan and are produced from sucrose by certain oral bacteria. Polysaccharides are 
a major part of the plaque matrix. They are present as the extracellular polysaccharides 
dextran (95%) and levan (5°/o). Some part of the water-soluble fraction of this material 
can be metabolized by plaque (52). 
Critchley et al. (53) showed that polysaccharides made of glucose and fructose 
could be extracted from plaque matrix. The polysaccharides are dextrans and levans 
because of the alpha l :6 g lucopyra noside Ii nkage (dextran) and the 2 :6 fructo furano-
side linkage (levan). These polysaccharides are formed from sucrose. 
Extracellular polysaccharide represents a portion of the plaque matrix and is 
distributed throughout the plaque. Because of the presence of sugars, amino acids, 
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peptides, and saccharides in the aqueous extracts of norma I plaques, plaque may 
wel I be an effective diffusion barrier. The bacteria metabolize intracellular poly-
saccharide to acid which cannot be rapidly neutralized by salivary buffers because 
of restricted diffusion and sub-surface lesions and ename I caries resu It. 
Wood (54) divided hexose sugar in plaque into four equal parts: two parts 
extractable hexose; 1) One which can be readily metabolized and which represents 
that part of the matrix polysaccharide which can be uti I ized by plaque bacteria. 
2) One which cannot be metabolized and represents that part of the matrix poly-
saccharide which is more resistant and therefore a more permanent plaque constituent. 
3) Plaque hexose which can be metabolized but not yet extracted. This represents 
intracellular polysaccharide granules. 4) Plaque hexose which is neither extracted 
nor metabolized and which probably represents the intrinsic structure I hexose of the 
plaque bacteria, such as cell wall polysaccharide and -components of protoplasm. 
The extractable or matrix hexose is ma inly dextran and is about 50 percent of the 
total plaque hexoses (or 10 percent of dry weight of plaque). 
Plaque can convert dietary sugar to acids and has two mechanisms whereby these 
sugars are retained in the form of polysaccharide to be broken down at a later time. 
Since as much as 1/2 the plaque hexose content is in 11storage 11 form, then possibly 
l Cf/o of the dry weight of plaque is converted to acid during periods when no dietary 
sugar is entering the mouth. The breakdown of the 11storage 11 hexose appears to be 
inhibited by its own end product-acid. Therefore, the acid production from it is 
I ikely to be at a steady rate over a long period rather than at a higher rate over a 
short period. 
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From the foregoing information we can conclude that dextran 
1) adheres to culture vessels forming gelatinous masses, and to untreated or 
sa I iva-coated powdered hydroxyapatite (37). 
2) forms a precipitate with sa I iva (37). 
3) is relatively resistant to hydrolysis by plaque bacteria. 
4) is prevented from exerting its full effect in vitro and in vivo by dextranase. 
5) low molecular weight dextrans prevent Strep. mutans from agglutination. 
As well, we can conclude that Streptococcus mutans and dextran are important 
in humans snce 
1) Strep .mutans can be isolated from dental plaque. 
2) dextran can be extracted from denta I plaque. 
3) with an increase in dietary sucrose, an increase in plaque occurs and 
subsequently an increase in dextran production ensues. 
4) implantation of Strep .mutans is enhanced by dietary sucrose. 
Dextranase does not appear to be fully effective against Strep. mu tans because 
1) dextranase diffusion is barred from Strep.mutans. 
2) Strep.mutans may not be the only important dextran-producing organism in plaque. 
3) Since dextrans are branched, dextranase may only effect the 1 :6 glucose linkages 
not the 1 :3 or 1 :4 glucose branches which may be more numerous. 
F STREPTOCOCCUS SALIVARIUS IN HUMAN DENTAL PLAQUE 
Presence of Strep.salivarius in dental plaque 
Several authors have isolated Strep.salivarius from human dental plaque (33) (34). 
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Carlsson (55) found that these organisms while present comprise only a very small 
fraction of the cultivable bacteria I flora of old plaque as well as of forming plaque. 
Levan in Plaque 
McDougall (56) showed that dental plaque contained levan while Wood (57) 
showed that dental plaque could metabolize levan formed by Strep.salivarius. 
Manly (58) observed that in the presence of sucrose the levan content of dental 
plaque increased to over 100/o of the presumed dry weight of plaque. No levan 
formed when fructose, glucose or a mixture of the two sugars were used. 
Levan Hydrolysis - Levanase 
Manly (59) reported levan hydrolysis by human dental plaque. Samples of fasting 
plaque contained little or no levan as a result of this hydrolysis. 
While buman dental plaque can synthesize levan from sucrose, plaque bacteria 
can hydrolyze levan. Thus these polysaccharides may not be as efficient in promoting 
plaque accumulations in humans as the more resistant dextran (33). To further show 
hydrolysis of levan by human plaque streptococci, DaCosta and Gibbons (60) studied 
different plaque sample isolates. A large proportion of the cultivable flora of human 
dental plaque was found to hydrolyze levan. All organisms which hydrolyzed levan 
were streptococci and these streptococci were producers of extracellular polysaccharide. 
It appears that otherorganisms of human dental plaque synthesize and utilize levan and 
possibly this polysaccharide is capable of functioning as a carbohydrate storage compound 
which could extend the duration of acid production by the plaque. van Houte and 
Jansen (61) showed that streptococci isolated from human denta I plaque may be partly 
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responsible for the degradation of levan in the dental plaque. Furthermore, 
Strep.salivarius strain lA was able to degrade levan, suggesting that levan may 
be utilized as a nutrient reserve (34). 
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PURPOSE 
Bacteriocins are bacterial substances, produced by some bacterial strains which 
are active against strains of the same or related species (62). Since bacteriocin 
production and sensitivity is a highly specific characteristic of streptococca I strains, 
this characteristic may be utilized as a 11 Fingerprinr'in ecological studies of these 
organisms within a given site in the mouth. (63) 
The ecology of streptococci in the oral cavity poses a number of questions. 
1) Is the mouth multiply infected with different types of Strep.mutans and sanguis 
or is only one type of each found? 
2) Is a single small site on a single tooth surface multiply infected? 
3) Is a single type of these streptococci found in different areas of the mouth 
i.e. on different teeth rather than on only one tooth? 
From the introduction it is known that Strep.salivarius is the predominant streptococcus 
found on the tongue. The complexity of these organisms on the tongue is of considerable 
interest. 
Is the tongue multiply infected with these streptococci and if so, is each type 
confined to a single area or severa I areas of the tongue. 
Do twins have the same type of Strep .sa livarius on their tongues and if so how 
do twins harbor these same types? 
Th is paper wil I attempt to answer these questions. 
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MATERIALS AND METHODS 
Plaque samples. 
Plaque samples were collected from small, selected areas by means of 
sterile scalers. The samples were taken from the lingual of the lower premolars 
on the right or left side or from the facia I aspect of the upper right or left pre-
molar area, with the exception of plaque samples taken directly from carious 
lesions. The plaque samples were homogenized in tissue homogenizers containing 
l .5 m I of Trypticase · Soy Broth (B. B. L.). Dilution was then performed serially by 
adding l ml of the homogenized mixture to 9 ml of peptone water (0.1 % Bacto-
Peptone (Difeo) and subsequently l ml from each of these mixed tubes into the 
next tube. One-tenth of a ml of suitable dilutions (lo- 3 to 10-5) were spread in 
duplicate with bent glass rods on Mi tis Sa livarius Agar (Difeo) plates. The plates 
were cultured anaerobically for 24 to 48 hours using Brewer jars filled with 5 % 
carbon dioxide and 95 % hydrogen, or with 5 % carbon dioxide, l O % hydrogen 
and 85 % nitrogen. 
Tongue samples. 
The right and left side of the tongue was gently swabbed clean. The swabs 
were discarded and the tongue reswabbed on each side. These swabs were placed 
in a 5 ml screw top tube containing 2 ml VMG (64) with glass beads. The small 
tube was shaken on a Vortex mixer and 0.5 ml was added to a test tube containing 
9 ml of peptone water. Dilutions were performed as with plaque samples using 
dilutions of 10- 2, 10- 3 and 10-4 for plating. 
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Isolation of test strains 
Following incubation each plate was examined with a dissection microscope. 
Ten morphologically identical colonies were isolated and incubated in 10 ml of 
Trypticase Soy Broth for 24 to 48 hours. Each broth culture was tested for purity 
on Mitis-salivarius Agar and Trypticase Soy Agar (B.B.L.) incubated anaerobically 
for 24 to 48 hours. 
ldentifi cation of test strains 
Identification of Strep.salivarius, Strep.sanguis and Strep.mutans were based on 
descriptions by Sherman, Niven and Smiley (65), Carlsson (66), Zinner et al. (29), 
and Kresse (32). 
Stock cultures 
The strains used are listed in Table 1. All strains except Z, J4 and JS were 
obtained from the stock culture collection of Forsyth Dente I Center. These three 
strains were isolated during the present investigation (see appendix). The stock 
indicator and producer strains were maintained by weekly transfer in Trypticase Soy 
Broth and biweekly transfer in Thioglycollate Broth (B.B.L.). 
Bacteriocin testing 
Each unknown strain was tested for the production of bacteriocins against the 
ten indicator strains and for its sensitivity to bacteriocins produced by the ten stock 
bacteriocin producers. The bacteriocin plate assay (62) was used. Trypticase Soy 
Broth and Trypticase Soy Agar were the media employed. Stab cultures were inoculated 
with a multiple stab device. This device consists of a brass plate with ten brass 
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needles, 25 mm long and l .6 mm in diameter. These needles were dipped 
simultaneously into the broth culture and then stabbed into an agar plate. 
The plates were then incubated for 48 hours in anaerobic Brewer jars as des-
cribed above. Indicator overlayers were applied and incubated 24 hours under 
the same conditions. The size and shape of the inhibition zones were recorded, 
and the twenty characteristics thus obtained constituted the 11fingerprint 11 of the 
test strain • 
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RESULTS 
Table 2 is a I ist of pertinent information in each study done. 
Table 3 shows the person, species of organism, number of isolates and types per 
sample and the number of identi ca I types found on opposite sides. 
Ecology of streptococci in dental plaque 
Isolates of Strep.mutans from five samples yielded from five to eight different 
types. In person N (Table 4a) three isolates on opposite sides were identical. In 
person G (Table 4d and 4dl) no identical strains were found on opposite sides although 
isolates from the same side proved to be the same type. In person S (Table 4c 1) only 
the right side was sampled since samples of plaque from the left side harbored unspecific 
streptococci and not Strep .mutans as in the right side. Of the ten isolates obtained 
from this side, eight types were observed. 
Isolates of Strep.sanguis from three samples represented four to six different types. 
One type was isolated from opposite sides of the same individual (Table 4b). As above, 
person S (Table 4c) was sampled only on the right side since Strep.sanguis was found on 
this side while only unspecific streptococci were found on the left side. 
It appears from these results that there is a rather heterogeneous population of both 
these species existing within dental plaque, and that a given small area of a single tooth 
is normally colonized by several types of Strep.mutans and sanguis. 
Ecology of streptococci on the tongue 
Isolates of Strep.sol ivarius from 20 samples were found to contain one to eight 
29 
identifiable types. Identical types of the organism were found on opposite sides 
of the tongue in six of the eight persons (Table 3). In one person (Table 5d) two 
identical types were found while in five people (Table 5a, 5b, 5c, 5e and Sel and 
5f and 5fl) one identical type was found. 
In the three sets of monozygotic twins, one set, DA and DE, proved to have two 
identical strains of Strep.salivarius (compare in Table 5c and 5d strains DE-Rl and 
DE-Ll which are identical with DE-R1 and DE-L1 which are identical; compare strains 
DE-R2 and DE-L5 which are also identical). 
Twins JAM and JAC each proved to have two identical strains of Strep.salivarius 
(compare tables 5e and Sfl in which JAM-R2 and JAC-Ll are identical. As well 
strains JAM-L l (Table 5e l) and JAC-R l (Table 5f) are identica I). 
These findings indicate that the population of Strep.salivarius on the tongue con-
sists of multiple types colonizing a small area. However, each type is not confined 
to a limited area of the tongue surface, but may be present in several different location~ 
as seen by comparison of the two sides of the tongue. 
The finding of identical types of Strep.salivarius in twins may reflect either 
implantation of the same types in there related individuals, or it may be due to trans-
mission of this species between the twins. 
Ecology of plaque from dental caries 
It was characteristic of streptococci from carious lesions in adults that Strep.mutans 
was found to comprise less than 1% of the streptococci on the plates and was not a 
predominant organism. These samples were not investigated further. 
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DISCUSSION 
This investigation demonstrated that the human oral cavity is multiply infected 
with strains of Strep.sanguis, mutans and salivarius. Furthermore, it was observed 
from the samples of dental plaque taken from small (1-2 square mm) areas that several 
types of Strep.mutans and sanguis were present. Thus, not only is the mouth so 
infected but small areas on teeth in the mouth are also. A complex population of 
streptococci therefore exists, comprising a remarkably heterogeneous population of 
these species even in very limited areas of a tooth. The mouth is multiply infected, 
but this is not necessarily confined to one side. 
This would clearly indicate that mutual exclusion does not occur in the mouth 
and more specifically in smal I areas of the teeth to such an extent that several types 
of a given species of streptococci do not occur in a given area. In a similar manner 
the streptococca I flora on the surface of the tongue was found to be complex, with 
several types of Strep.salivarius observed. Comparison of the two sides in most persons 
yielded identical types, which indicates that a given type is not confined to a limited 
area of the tongue surface but rather may be present in severe I different locations. 
In fact, the figures of the types found in these studies could be much higher. Only 
10 isolates or less per sample were selected and studied. With these small samples 
Strep.sanguis yielded four to six types, Strep.mutans yielded five to eight types and 
Strep.salivarius one to eight types. If more isolates per sample had been selected and 
studied it is not only conceivable but probable that more of each type would have been 
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observed. Higher figures would then indicate a much more complex flora than is 
even now recognized. The number of types which could exist in a given sample 
would yield an exceedingly complex population. 
The use of high dilutions of the samples implies that only the predominant organisms 
are recovered while those in lower numbers are diluted out. Using dilutions of 10-5, 
l o-4 and l o-3 adequate numbers of organisms to be examined in this study were 
obtainable. These organisms, then, appear to be among the most numerous at a 
particular site whether that site is a sound enamel surface or the tongue. Since only 
a I imited number of isolates from each sample was examined it would furthermore 
appear that the different types observed were present in relatively similar proportions, 
while types present in smaller proportions were missed. 
Two sets of questions have been answered. Both the teeth and the tongue are 
multiply infected with Strep.sanguis and mutans and Strep.salivarius respectively. 
Small sites in both areas are multiply infected, with many different types. 
But what of the sets of twins who had similar strains of the same organism in their 
mouths? Two possibi I ities exist. The first possibi I ity is that these monozygotes were 
initially inoculated with the same strain of Strep.salivarius from their mother, and this 
strain was maintained. This possibility is plausible since it has been shown by West (69) 
that two babies less than 16 hours old and three babies three, five and seven weeks old 
harbored Strep.salivarius strains identical to Strep.salivarius strains observed in their 
respective mothers. It is possible that these strains, transmitted from mother to baby 
at a very early age, is maintained through adolescence in the twins. The second 
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possibility is that twins harbor identical types of the same strain as a result of 
transmission from one to another. The finding of only two identical strains in 
each of two sets of twins and no observed identica I strains in the third set seems 
to indicate that such an occurrence is by no means predictable. In fact, the identical 
strains may be transient, or there may be many more in any set of twins in the areas 
not yet samples. 
Denta I plaque is not homogeneous but heterogenous and consists of microcolonies 
as seen by the electron microscope (16 ). Small samples of dental plaque on sound 
enamel surfaces contain a number of different types of the same strain and these strains 
are arranged in these microcolonies which I ie very closely together. 
In conclusion, this investigation has shown that a complex flora of Strep.mutans, 
Strep.sanguis and Strep.salivarius exists in sound enamel surface dental plaque and on 
the tongue respectively. This complex flora contains several types of each species in 
high numbers and in roughly the same proportion. 
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Appendix l 
Purpose: Isolation of three suitable streptococci strains for bacteriocin indication. 
Source: Denta I plaque from two persons selected and processed as indicated in 
the materials and method section. 
Isolation: Ten strains from one person and one strain from another person were 
selected from the incubated plates. These strains were isolated in 
Trypticase Soy Broth, streaked for purity and tested as indicator over-
layers on the ten stock producer strains. 
Results: Strains J4 and J8 from one person and strain Z from the other person 
proved to be suitable as indicator patterns. Their sensitivity patterns are 
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Code of Tables 
Table I is self explanatory 
In Tables 2 - 5 
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A) Each person in his study is designated by an initial or initials e.g. 
Nor SR or JAM 
B) In Table 2 numbers for sound enamel and carious lesions indicate the tooth 
541 or 145 and 54) or !45. This signifies the lower right and left first 
and second bicuspid or upper right and left first and second bicuspid 
I], indicates the upper left cuspid 
C) Each side in Tables 3 - 5 is designated by R (right) or L (left) e.g. N 
R 
D) In Tables 4 - 5 the number of isolates is designated by a figure e.g. N 
R1 
E) The initial zone in Tables 4 - 5 is described by its radius in millimetres and 
its edge as S (sharp) or H (hazy) e.g. 7S 
F) The bacteriocin patterns consist of sensitivity to PK6, PKl, etc. and 
bacteriocin production against Z, J4, etc. 
S .mutans = Streptococcus mutans 
S .sanguis = Streptococcus sanguis 
S .sa I ivarius = Streptococcus sa I ivarius 
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Table 1 
Bacteriocin indicator and producer strains, used in determining 
the bacteriocin patterns of streptococci. 
Indicator strains 
Streptococcus za 





S. sa I ivarius ss2b 
S. sa livarius 1 Ac 
Enterococcus X21 d 
Enterococcus X38d 
a Isolated from human dental plaques 
b Gibbons and Banghart, 1968 (33) 
c Kelstrup and Gibbons, 1970 (34) 
d Brock, Peacher and Pierson, 1963 (67) 
e Gibbons, et a I., 1966 (30) 
f Fitzgera Id, Jordan and Stanley, 1960 (27) 
9 Gibbons and Loesche, 1967 (68) 
h Zinner, et a I., 1965 (29) 
Producer strains 
S. mu tans G8a 
S. mutans H34a 
S .mutans 2Ma 
s .mutans wa 
Streptococcus PK6 
S. mutans PKl e 
S .mutans FA 1 f 
S • mu tans 1309 
S. mutans GF71 f 
S. mu tans BHTh 
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Table 2 
Age, Sex and Sampling Site of persons in the studies of tongue and plaque flora 
Person Age in years Sex Sampling Site 
SR 25 male tongue 
JD 25 female tongue 
DA 9 male twins tongue 
DE 9 female tongue 
JAM 15 male twins tongue 
JAC 15 female tongue 
M 13 ma le twins tongue 
L 13 female tongue 
N 26 female sound enamel 54 l 45 lingual 
s 40 male sound enamel 54f lingual 
K 30 male sound enamel 54145 palatal 
G 20 male sound enamel 54 I 45 lingual 
LO 24 male carious lesion 51 fs 
E 50 female carious lesion ·51 4 La_ 
H 48 female carious lesion 5l L3-
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Table 3 
Distribution of S.salivarius on the tongue, and of S.mutans and S.sanguis 
in dental plaque 
No. of isolates No. of types No. of identical 
Person Species per sample per sample types on opposite sides 
R L R L 
N S. mutans 10 10 5 6 3 
K S .sanguis 10 6 5 4 l 
s S .sanguis 6 6 
S .mutans 10 8 
G S .mutans 10 10 7 8 0 
SR S .sa livarius 8 10 l 2 l 
JD S • sa I i var i us 10 8 6 3 l 
DA S .sa livarius 10 10 3 2 l 
DE S .sa livarius 9 10 3 6 2 
SAM S .sa livarius 10 10 5 5 l 
SAC S .sa livarius 8 8 4 7 l 
M S .sa I ivarius 10 10 7 7 0 
L S .sa livarius 10 8 7 8 0 
R = Right L = Left 
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Table 4a 
Patterns of bacteriocin sensitivity and production by the unknown isolates. 
Plaque samples from sound enamel surfaces - N 
Type No. N N N N N N N N N N N 
R1 R2 R3 R4 R5 Ll L2 L3 L4 L5 L6 
No. of isolates 3 3 2 2 3 2 
PK6 0 0 0 0 0 0 0 0 0 0 0 
PKl 0 0 0 0 0 0 0 0 0 0 0 
FAl 0 0 0 0 0 0 0 0 0 0 0 
130 0 0 0 0 0 0 0 0 0 0 0 
GF71 0 0 0 0 0 0 0 0 0 0 0 
BHT 0 0 0 0 0 0 0 0 0 0 0 
GB 0 0 0 0 0 0 0 0 0 0 0 
H34 0 0 0 0 0 0 0 0 0 0 0 
2M 0 0 0 0 0 0 0 0 0 0 0 
w 0 0 0 0 0 0 0 0 0 0 0 
z 4-5S 2-3S 3-4S 6S 3S 6-7S 4-6S 4-6S 4S 7S 4S 
J4 6-7S 5H 6-7S lOH 0 8-9S 6-8S 4-6S 7H 3H 4H 
J8 0 0 0 0 0 0 0 0 0 0 0 
Cl 6-7S 2H 5-7S as 6S 6-7S 8-9S 7-8S 2S 4S 2S 
C4 3-4S 2-3H 4-6S 4H 5H 5-6S 6-7S 3-4S 3H 4H 2H 
C7 4-5S 2-3S 3-5S 5S 5S 4-5S 5-6S 3S 4S 3S 3S 
X21 0 0 0 0 0 0 0 0 0 0 0 
X38 .5H .5H .5H .5H .5H .5H .5H .5H .5H .5H .5H 
S52 0 0 0 0 0 0 0 0 0 0 0 
lA 0 0 0 0 0 0 0 0 0 0 0 
45 
Table 46 
Patterns of bacteriocin sensitivity and production by the unknown isolates . 
Plaque samples from sound enamel surfaces - K 
Type No. K K K K K K K K K K 
R1 R2 R3 R4 R5 R6 L1 L2 L3 L4 
No. of isolates 4 2 2 2 
PK6 0 0 0 0 0 lH 0 0 0 0 
PKl 0 0 2H 0 0 0 0 0 0 0 
FAl 0 0 2H 0 2H 0 2H 0 lH 0 
130 0 0 0 lH 0 0 2H 0 lH 0 
GF71 0 0 0 lH 0 0 0 0 0 0 
BHT 0 0 0 0 0 0 0 0 0 0 
GB 0 2H 0 0 3H 0 2-3H 0 2H lH 
H34 0 2H 0 0 0 2H 2H 0 lH 2H 
2M 3H 2-3H lH lH lH lH 0 3H 3H 3H 
w 2H 0 0 2H 0 2H lH 2H lH 2H 
z 0 0 0 0 0 0 0 0 0 0 
J4 0 0 0 0 0 0 0 0 0 0 
J8 0 0 0 0 0 0 0 0 0 0 
Cl 0 0 0 0 0 0 0 0 0 0 
C4 0 0 0 0 0 0 0 0 0 0 
C7 0 0 0 0 0 0 0 0 0 0 
X21 0 0 0 0 0 0 0 0 0 0 
X38 0 0 0 0 0 0 0 0 0 0 
S52 0 0 0 0 0 0 0 0 0 0 
lA 0 0 0 0 0 0 0 0 0 0 
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Table 4c 
Patterns of bacteriocin sensitivity and production by the unknown isolates. 
Plaque samples from sound enamel surfaces - S Ss (sangu is) 
Type No. Ss Ss Ss Ss Ss Ss 
Rl R2 R3 R4 R5 R6 
No. of isolates 
PK6 0 3H 2H 0 0 0 
PKl 2H 0 0 0 0 0 
FAl 0 0 3H 0 0 0 
130 2H 4H 0 0 0 0 
GF71 0 2H 0 3H 2H 2H 
BHT 2H 0 0 2H 2H 0 
GB 3H 0 0 2H 3H 3H 
H34 2H 0 3H 3H 3H 0 
2M 0 2H 4H 0 0 2H 
w 2H 0 2H 0 2H 0 
z 0 0 0 0 0 0 
J4 0 0 0 0 0 0 
JS 0 0 0 0 0 0 
Cl 0 0 0 0 0 0 
C4 0 0 0 0 0 0 
C7 3H 3H 3H 3H 3H 3H 
X21 0 0 0 0 0 0 
X38 0 0 0 0 0 0 
SS2 0 0 0 0 0 0 
lA 3H 3H 3H 3H 3H 3H 
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Table 4c l 
Patterns of bacteriocin sensitivity and production by the unknown isolates. 
Plague samples from sound ename I surfaces - S Sm (mutans) 
Type No. Sm Sm Sm Sm Sm Sm Sm Sm 
Rl R2 R3 R4 R5 R6 R7 Ra 
No. of isolates 3 
PK6 0 0 0 0 0 0 0 0 
PKl 0 0 0 0 0 0 0 0 
FAl 9S 3H 0 0 0 as 0 0 
130 as 0 0 0 0 7S 0 7H 
GF71 6H 0 5H 0 0 as 0 8H 
BHT SH 4H 5H 0 0 9S 0 7H 
GB lH 0 2H 2H 0 lH 0 0 
H34 0 0 0 0 0 lH 0 0 
2M 6H 0 4H 4H 4-5H 4H 0 4H 
w 2S 0 0 0 2-3H 2H 0 2H 
z 0 0 0 0 0 0 0 0 
J4 0 0 0 0 0 0 0 0 
J8 0 0 0 0 0 0 0 0 
Cl lH lH lH lH lH lH lH lH 
C4 0 0 0 0 0 0 0 0 
C7 0 0 0 0 0 0 0 0 
X21 0 0 0 0 lH lH 0 lH 
X38 4S 0 0 0 4S 0 0 0 
SS2 0 0 0 0 0 0 0 0 
lA 0 0 0 0 0 0 0 0 
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Table 4d 
Patterns of bacteriocin sensitivity and production by the unknown isolates. 
Plague samples from sound enamel surfaces - G 
Type No. G G G G G G G 
R1 R2 R3 R4 R5 R6 R7 
No. of isolates 3 
PK6 0 0 0 0 0 0 0 
PKl 0 0 0 0 0 0 0 
FAl 0 0 0 0 0 0 0 
130 0 0 0 0 0 0 0 
GF71 0 3H 3H 0 0 0 3H 
BHT 0 4H 0 0 0 0 4H 
GB 0 0 0 0 0 0 0 
H34 0 0 0 0 0 0 0 
2M 2S 2S lH lH 2H 2H lH 
w 0 0 lH lH lH 0 0 
z 0 0 0 0 0 0 0 
J4 0 0 0 0 0 0 0 
J8 0 0 2H 0 2H lH lH 
Cl 0 0 0 0 0 0 0 
C4 0 0 0 0 0 0 0 
C7 0 0 0 0 0 0 0 
X21 0 0 0 0 0 0 0 
X38 0 0 0 0 0 0 0 
SS2 0 0 0 0 0 0 0 
lA 0 0 0 0 0 0 0 
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Table 4d l 
Patterns of bacteriocin sensitivity and production by the unknown isolates. 
Plaque samples from sound enamel surfaces - G 
Type No. G G G G G G G G 
L1 L2 L3 L4 Ls L6 L7 La 
No. of isolates 2 
PK6 0 0 0 0 0 6S 6H 0 
PKl 0 0 0 0 0 0 0 0 
FA l 0 0 0 0 0 10S 0 0 
130 0 0 0 0 0 0 0 0 
GF71 SH 6H 4H SH 0 9S SH 3H 
BHT 7H 0 8H 8H 0 10S 7H 7H 
GB 3H 0 4H 0 0 1S lH 0 
H34 0 0 0 0 0 lH lH 0 
2M 0 0 4H 0 0 3H lH 0 
w 4H 0 4H 0 0 2S 1S 3H 
z 0 0 0 0 2H 0 lH 0 
J4 0 0 0 0 2S 0 1S 0 
J8 0 0 0 0 2H 0 2H 0 
Cl 0 0 0 0 2S 0 1S 0 
C4 0 0 0 0 1S 0 1S 0 
C7 0 0 0 0 2S 0 1S 0 
X21 0 0 0 0 1S 0 1S 0 
X38 0 0 0 0 2H 0 1S 0 
SS2 0 0 0 0 1S 0 1S 0 
lA 0 0 0 0 0 0 0 0 
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Table Sa 
Patterns of bacterioc in sensitivity and production by the unknown isolates. 
Tongue-Unrelated individuals SR 
Type No. SR SR SR 
R1 L1 L2 
No. of isolates 8 6 4 
PK6 0 0 0 
PKl 0 0 0 
FAl 0 0 0 
130 0 0 0 
GF71 0 0 0 
BHT 0 0 0 
G8 0 0 0 
H34 0 0 0 
2M 0 0 4S 
w 0 0 0 
z 0 0 0 
J4 0 0 0 
J8 0 0 0 
Cl 0 0 0 
C4 0 0 0 
C7 0 0 0 
X21 0 0 0 
X38 0 0 0 
SS2 0 0 0 
lA 0 0 0 
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Table 56 
Patterns of bacteriocin sensitivity and production by the unknown isolates. 
Tongue-Unrelated individuals JD 
Type No. JD JD JD JD JD JD JD JD JD 
R1 R2 R3 R4 R5 R6 L1 L2 L3 
No. of isolates 3 3 6 
PK6 0 0 0 0 0 0 0 0 0 
PKl 0 0 0 0 0 0 0 0 0 
FAl 0 0 3H 0 0 0 0 0 4H 
130 0 0 0 0 0 0 0 0 0 
GF71 0 0 6H 4H 0 4H 0 0 0 
BHT 0 0 3H 0 0 0 0 0 0 
GB 0 0 2H 0 0 0 0 0 0 
H34 0 0 lH lH 0 lH 0 0 0 
2M 0 5H 4H 5H 5H 5H 0 3-4H 3H 
w 0 0 lH 0 lH 0 0 0 0 
z 0 0 0 0 0 0 0 0 0 
J4 0 0 0 0 0 0 0 0 0 
J8 0 0 0 0 0 0 0 0 0 
Cl 0 0 0 0 0 0 0 0 0 
C4 0 0 0 0 0 0 0 0 0 
C7 0 0 0 0 0 0 0 0 0 
X21 0 0 0 0 0 0 0 0 0 
X38 0 0 0 0 0 0 0 0 0 
S52 0 0 0 0 0 0 0 0 0 
lA 0 0 0 0 0 0 0 0 0 
LI 
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Table 5c 
Patterns of bacteriocin sensitivity and production by the unknown isolates. 
Tongue Twins DA 
Type No. DA DA DA DA DA 
R1 R2 R3 L1 L2 
No. of isolates s s 2 
PK6 0 0 0 0 0 
PKl 0 0 0 0 0 
FAl 0 4H 5H 0 0 
130 0 0 0 0 0 
GF71 0 6H 6H 0 5-6H 
BHT 0 3H 4H 0 0 
GS 0 0 0 0 0 
H34 0 0 0 0 0 
2M 0 3H 3H 0 3H 
w 0 0 lH 0 lH 
z 0 0 0 0 0 
J4 0 0 0 0 0 
JS 0 0 0 0 0 
Cl 0 0 0 0 0 
C4 0 0 0 0 0 
C7 0 0 0 0 0 
X21 0 0 0 0 0 
X38 0 0 0 0 0 
SS2 0 0 0 0 0 
lA 0 0 0 0 0 
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Table 5d 
Patterns of bacteriocin sensitivity and production by the unknown isolates. 
Tongue Twins DE 
Type No. DE DE DE DE DE DE DE DE DE 
R1 R2 R3 L1 L2 L3 L4 L5 L6 
No. of isolates 7 3 2 2 
PK6 0 0 0 0 0 0 0 0 0 
PKl 0 0 0 0 0 0 0 0 0 
FAl 0 0 0 0 0 0 0 4H 0 
130 0 0 0 0 0 0 0 0 0 
GF71 0 0 0 0 0 SH 5S SH SH 
BHT 0 0 0 0 0 3H 4S SH 0 
GB 0 0 5S 0 0 0 0 0 0 
H34 0 0 0 0 0 0 0 0 0 
2M 0 3S 0 0 2S 0 0 4H 3H 
w 0 0 0 0 0 lH 0 0 0 
z 0 0 0 0 0 0 0 0 0 
J4 0 0 0 0 0 0 0 0 0 
J8 0 0 0 0 0 0 0 0 0 
Cl 0 0 0 0 0 0 0 0 0 
C4 0 0 0 0 0 0 0 0 0 
C7 0 0 0 0 0 0 0 0 0 
X21 0 0 0 0 0 0 0 0 0 
X38 0 0 0 0 0 0 0 0 0 
S52 0 0 0 0 0 0 0 0 0 
lA 0 0 0 0 0 0 0 0 0 
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Table 5e 
Patterns of bacteriocin sensitivity and production by the unknown isolates. 
Tongue Twins JAM 
Type No. JAM JAM JAM JAM JAM 
R1 R2 R3 R4 R5 
No. of isolates 2 2 3 
PK6 0 0 0 0 0 
PKl 0 0 0 0 0 
FAl 0 0 0 0 0 
130 0 0 0 0 3H 
GF71 0 0 0 0 lH 
BHT 0 0 0 0 0 
GS 0 0 0 0 0 
H34 0 0 0 0 0 
2M 0 2-3H 3-4H 0 4H 
w 4H 0 2H 0 0 
z 0 0 0 0 0 
J4 0 0 0 0 0 
JS 0 0 0 0 0 
Cl 0 0 0 0 0 
C4 0 0 0 0 0 
C7 0 0 0 0 0 
X21 0 0 0 0 0 
X3S 0 0 0 0 0 
S52 0 0 0 0 0 
lA 0 0 0 0 0 
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Table5el 
Patterns of bacteriocin sensitivity and production by the unknown isolates. 
Tongue Twins JAM 
Type No. JAM JAM JAM JAM JAM 
L1 L2 L3 L4 L5 
No. of isolates 5 2 
PK6 0 0 0 0 0 
PKl 0 0 0 0 0 
FAl 0 0 0 0 0 
130 0 0 0 0 0 
GF71 0 0 0 0 6H 
BHT 0 0 0 0 0 
GS 0 0 0 0 0 
H34 0 0 0 0 0 
2M 0 0 lH 5H 0 
w 0 0 lH 2H 0 
z 0 0 0 0 0 
J4 0 0 0 0 0 
JS 0 0 0 0 0 
Cl 0 0 0 0 0 
C4 0 0 0 0 0 
C7 0 lH lH 0 0 
X21 0 0 0 0 0 
X3S 0 0 0 0 0 
SS2 0 0 0 0 0 
lA 0 0 0 0 0 
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Table 5f 
Patterns of bacteriocin sensitivity and production by the unknown isolates. 
Tongue Twins JAC 
Type No. JAC JAC JAC JAC 
R1 R2 R3 R4 
No. of isolates 5 
PK6 0 0 0 0 
PKl 0 0 0 0 
FAl 0 0 0 0 
130 0 0 7H 0 
GF71 0 5H 6H 0 
BHT 0 6H 6H 9H 
GS 0 0 0 0 
H34 0 0 0 0 
2M 0 0 0 0 
w 0 0 0 0 
z 0 0 0 0 
J4 0 0 0 0 
JS 0 0 0 0 
Cl 0 0 0 0 
C4 0 0 0 0 
C7 0 0 0 0 
X21 0 0 0 0 
X3S 0 0 0 0 
S52 0 0 0 0 
lA 0 0 0 0 
f 
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Table 5f 1 
Patterns of bacteriocin sensitivity and production by the unknown isolates. 
Tongue Twins JAC 
Type No. JAC JAC JAC JAC JAC JAC JAC 
L1 L2 L3 L4 L5 L6 L7 
No. of isolates 2 
PK6 0 0 0 0 0 0 0 
PKl 0 0 0 0 0 0 0 
FAl 0 0 0 0 0 0 0 
130 0 0 0 0 7H 0 0 
GF71 0 0 0 0 0 0 0 
BHT 0 0 6S 0 0 0 0 
GS 0 0 0 0 0 0 0 
H34 0 0 0 0 0 0 0 
2M 2H 0 0 0 0 0 0 
w 0 lH 0 0 0 0 0 
z 0 0 0 0 0 0 0 
J4 0 0 0 0 0 0 0 
JS 0 0 0 0 0 0 0 
Cl 0 0 0 0 0 0 0 
C4 0 0 0 0 0 0 0 
C7 0 0 0 0 0 3H 2H 
X21 0 0 0 0 0 0 2H 
X3S 0 0 0 0 0 0 0 
S52 0 0 0 0 0 0 0 
lA 0 0 0 0 0 0 0 
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Table 5g 
Patterns of bacteriocin sensitivity and production by the unknown isolates. 
Tongue Twins M 
Type No. M M M M M M M 
Rl R2 R3 R4 R5 R6 R7 
No. of isolates 2 2 2 
PK6 0 0 0 0 0 0 0 
PKl 0 0 0 0 0 0 0 
FAl 0 0 0 0 0 0 0 
130 0 0 0 0 0 0 0 
GF71 0 0 0 0 0 0 0 
BHT 0 0 0 0 0 0 0 
GB 0 0 0 0 0 0 0 
H34 0 0 0 0 0 0 0 
2M 0 0 0 0 0 3H 0 
w 0 0 0 2H 0 0 0 
z 0 0 0 0 0 0 0 
J4 0 lH lH lH 0 0 lH 
JS 0 0 0 lH 0 0 0 
Cl 0 0 0 0 0 0 0 
C4 0 lH 0 lH 0 0 2H 
C7 0 0 0 0 0 0 0 
X21 0 0 0 0 0 0 0 
X38 lH lH lH lH 0 0 lH 
SS2 lH 2H 2H 2H 3H 2H 2H 
lA 0 0 0 0 0 0 0 
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Table 5g 1 
Patterns of bacteriocin sensitivity and production by the unknown isolates. 
Tongue Twins M 
Type No. M M M M M M M 
L1 L2 L3 L4 L5 L6 L7 
No. of isolates 3 2 
PK6 0 0 0 0 0 0 0 
PKl 0 0 0 0 0 0 0 
FAl 0 0 0 0 0 0 0 
130 0 0 0 0 0 0 0 
GF71 0 0 0 0 0 0 0 
BHT 0 0 0 0 0 0 0 
GB 0 0 0 0 0 0 0 
H34 0 0 0 0 0 0 0 
2M 0 0 0 0 0 2H 2H 
w 0 0 0 0 lH 0 lH 
z 0 0 0 0 0 0 0 
J4 0 0 0 0 0 0 0 
J8 0 0 0 0 0 0 0 
Cl 0 0 0 0 0 0 0 
C4 2H 2H 0 2H 0 2H 2H 
C7 0 0 0 0 0 0 0 
X21 0 0 0 0 0 0 0 
X38 2H 0 0 0 0 lH lH 
S52 2H 2H 0 2H 2H 2H 2H 
lA lH lH 0 0 lH lH 2H 
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Table 5h 
Patterns of bacteriocin sensitivity and production by the unknown isolates. 
Tongue Twins L 
Type No. L L L L L L L L L 
R1 R2 R3 R4 R5 R6 R7 Ra R9 
No. of isolates 2 
PK6 0 0 0 0 0 0 8S 7H 0 
PKl 0 0 0 0 0 0 1S 0 0 
FAl 0 0 0 0 0 0 5H 0 0 
130 0 0 0 0 0 0 0 0 0 
GF71 0 0 0 0 0 0 7H 0 0 
BHT 0 0 0 0 0 0 9H 0 6H 
GS 0 0 0 0 0 0 lH 0 0 
H34 0 0 0 0 0 0 lH 0 0 
2M 0 0 4S 4H 0 0 6H 3H 3H 
w 0 0 0 2H 0 0 2H 2H 2H 
z 0 2S 1S 1S 1S 2S 0 2S 2S 
J4 0 6H 5H 5H 4H 4H 0 7H 6H 
JS 0 0 0 0 0 0 0 0 0 
Cl 0 3H 3H 4H 3H 4H 0 4H 4H 
C4 0 0 3H 5H 4H 0 0 0 0 
C7 0 2H 2H 2H 2H 2H 0 3H 2H 
X21 0 0 lH 0 0 0 0 lH lH 
X38 0 0 0 0 0 0 0 0 0 
S52 0 7H 8H 8H 6H 6H 0 9H 9H 
lA lH 3H 3H 3H 4H 4H 0 6H 5H 
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Table h l 
Patterns of bacteriocin sensitivity and production by the unknown isolates. 
Tongue Twins L 
Type Noo L L L L L L L L 
L1 L2 L3 L4 L5 L6 L7 La 
No. of isolates 
PK6 6S 0 BS 0 0 0 0 0 
PKl 0 0 0 0 0 0 0 0 
FAl 5S 0 7S 0 0 0 0 0 
130 5S 0 5S 0 0 0 0 0 
GF71 9S 0 BS 0 0 0 0 0 
BHT lOS 0 9S 0 0 0 0 0 
GB lS 0 2S 0 0 0 0 0 
H34 0 0 0 0 0 0 0 0 
2M 5S 3H 4S 3H 0 0 0 0 
w 2S 2H 2S 2H 0 0 0 0 
z 0 2S lS 2S 0 0 0 0 
J4 0 0 0 0 0 0 0 0 
JB 0 0 0 0 0 0 0 0 
Cl 0 0 5H 0 5H 0 0 0 
C4 0 3H 3H 2H lH 0 0 2H 
C7 0 3H lH 3H 0 0 0 0 
X21 0 0 0 lH lH 0 0 lH 
X38 0 0 0 2H 2H 0 0 2H 
SS2 0 BS 0 BS 2H lH 0 2H 
lA 0 0 0 0 0 0 0 0 
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